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Abstract 
Coal seam gas has become one of the important factors restricting the safe production of mine in China, so it is urgent to solve 
the methane problem existing in coal mines. Ground gas drainage method is an easy technology to reduce the gas content in coal 
seam effectively. However, in China, the coal seam generally possess some characteristics, such as low pressure, low 
permeability, low saturation, and so forth, which means the borehole hydraulic fracturing must be carried out to improve the 
permeability of coal seam. The study on the hydraulic fracturing in coal seam is still in an early stage, therefore, the initiation and 
propagation mechanism of the crack as well as the gas seepage in crack are needed to study deeply. In this paper, firstly, the 
initiation and propagation mechanism of the crack is theoretically analyzed; then, the principle of gas seepage in cracks and the 
hydraulic fracturing progress are analyzed synthetically through numerical simulation. The results show that three-dimensional 
model of fracture propagation for the hydraulic fracturing is established. The stress state of rock has a great effect on the crack 
propagation. When the two ground stress on horizontal plane is equal, the crack propagates randomly with bifurcation 
phenomenon; however, when this two stress are different, the direction of the initiation and propagation of the crack is vertical to 
the minimum main stress. The appropriate pattern shape of borehole is diamond, and the diagonal lines should separately parallel 
to the maximum principal stress and the minimum principal stress. After fracturing, the accumulative volume of gas production 
behaves a logarithmic relationship with time, while the volume of gas production represents a negative exponent relationship 
with time. 
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1. Introduction 
Coal seam gas has become one of the important factors restricting the safe production of mine in China, so it is 
urgent to solve the coalmine methane problem. Coal seam gas is a kind of unconventional gas who deposit in the 
coal seam, and it will become one of the next important sources of strategic energy in China. The development and 
utilization of coal bed methane will improve the safety condition of the coalmines, and fundamentally solve the 
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 problem of coalmine gas explosion. Meanwhile, exploitation and utilization of coal bed methane will change 
China’s energy structure adjustment, and also have the great significance to the environment protection. China has 
rich reserves of coal methane, and relevant departments estimate that there is about 4.3 billion cubic meters coal 
methane in China, ranking the second in the world. The reserve of coal methane is almost equal to conventional gas 
resource and most of them distribute around the vicinity of the West-East Gas Pipeline, making them possess a great 
potential for exploitation [1-3]. 
In the world, nations such as America, Canada, Australia, Britain and Russia have already paid full attention to the 
development and utilization of coal bed methane. Especially in America, who has already made great effort to 
exploit coal seam gas in a number of basins [4-5]. Because of the high permeability of the coal bed in these 
countries, they do not need to manually increase the coal-bed’s permeability to facilitate ground extraction. 
Therefore, the technology of exploiting the coal methane progressed very fast. However, the situation is not the 
same in China, where coal bed are badly affected by the complex geological conditions, such as low pressure, low 
permeability, low saturation, and so forth, thus the borehole hydraulic fracturing must be carried out to improve the 
permeability of coal seam [6-12]. The study on the hydraulic fracturing in coal seam is still in an early stage, and the 
coal seam texture is more complex than the structure of sandstone, so the initiation and propagation mechanism of 
the crack and the gas seepage in cracks are needed to study deeply. When the cracks have been produced through the 
hydraulic fracturing, the law of gas seepage in cracks is the most important factor to affect the extraction. For the 
reason that, it has both scientific and practical sense to study the borehole hydraulic fracturing and the principle of 
gas seepage in coal seam [13-17].  
2. Numerical analysis of the coal seam hydraulic fracturing 
RFPA2D-Flow (Realistic Failure Process Analysis based Digital Image Processing) is developed by Center for 
Rock burst and Induced Seismicity Research, Northeastern University. It is commonly used in coupling analysis of 
seepage and stresses in rock failure process. This software induced the heterogeneity parameters of rock material 
into computing element. And refer to accumulation of the element damage cause the macroscopic damage. And we 
also define the element properties are linear elastic-brittle. The mechanic parameters of the rock elements, such as 
elastic modulus and strength are all followed by the Weibull distribution. We assumed that the failure occurs when 
the intensity of element reach the failure criterion. And the elastic modulus of the failure elements is smaller than the 
original elements. In view of the volume of rock damage is proportional to the number of failure element, we could 
use the method of continuum mechanics to solve non-continuous problems [18-24]. 
2.1. Borehole hydraulic fracturing analyzing 
2.1.1. Numerical model 
The vertical direction of the coal bed's displacement is limited in the overburden rock during the entire process of 
the drilling and the pressure parting. And the value of this displacement relative to the displacement of horizontal 
direction is negligibly small. Therefore, we treat the simulation model as the plane strain model. The model 
geometry of 20 m×20 m is shown in Fig. 1. And the model had been meshed into 16000 units. The shaft has a 
diameter of 200 mm in the center of the model. And set the horizontal ground stress on the sides of the model as the 
displacement boundary condition. As is shown in Fig. 1, 1σ
 
and 2σ
 
act as the ground stress on the horizontal 
plane of the coal seam. And then we inject the water into the shaft, the water pressure will act on the internal 
borderline of the hole. The water pressure p will have a step size of 0.1 MPa increment. The initial value of the 
water pressure p0 is dependent on the initial boundary conditions of the models. 
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Fig. 1. Calculating model 
The mechanics parameters in this model, such as the elastic modulus, the intensity of the material, the coefficient 
of the permeability, Poisson ratio, etc. are followed Weibull distribution to set the random value. The parameter m is 
a term used to describe the homogeneity of the sample. Considering the special structure of the coal, m=3. Table 1 
shows the mechanical parameters of coal. 
Table 1. Mechanical parameters of coal 
Mechanical parameters Value Mechanical parameters Value 
Homogeneity 3 The coefficient of residual strength 0.1 
Young's modulus (GPa) 13 The coefficient of pore water pressure 0.8 
Frictional angle (°) 33 The coefficient of permeability (m/d) 1.0 
Compression strength (MPa) 20 Poisson ratio 0.35 
T-C ratio 17 Porosity 0.15 
2.1.2. Numerical procedure and selection of the parameters 
1) According to the depth of burial at Sihe Coal Mine, the coal bed burial depths are 300 meters, 400 meters and 
500 meters. The associated minimum horizontal ground stresses are 6 MPa, 8 MPa and 10 MPa. 
2) The relationship between 1σ  and 2σ  is shown as 21 σσ k= . During the process of numerical analysis, the 
values of the coefficient k are 1.0, 1.05, 1.1, 1.4, 1.8 and 2.0. We use the different value of the coefficient k to 
research the influence of different level of the horizontal ground stress effect to the fracture propagation.  
According to the maximum tensile stress theory, if the value of the bottom hole pressure equal to the sum of the 
minimum horizontal ground stress and tensile strength of the coal seam, the coal seam will be fractured. We call that 
bottom hole pressure is the initiation pressure. Use the symbol crp  to show the initiation pressure. 
{ }min 3 ,3cr t x y y xp R σ σ σ σ= + − −                            (1) 
According to the Eq.(1), when 
yx σσ = , the shear stress of the hole wall will be px −= σσ θ 2 , which has no 
concern with θ . In this case, the fracture starting point will be created in casual position on the wall of hole, it is 
what we called the loss of the fracture orientation. The Eq. (1) will become to 2cr x tp Rσ= + . If yx σσ < , the 
fracture starting point should be located at the point of maximum shear stress on the wall of hole, i.e., at the vertical 
position θ＝90° and θ＝270°. So the Eq. (1) become to 3cr x y tp Rσ σ= − + . If yx σσ > , the fracture starting 
point should be located at the horizontal mid-point, i.e., at the horizontal position
 
0θ = °
 
and 180θ = ° . So the 
Eq.(1) become to 3cr y x tp Rσ σ= − + . 
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 2.1.3. Stress difference on the impact of fracture propagation 
Based on the above analysis, we use the software (RFPA2D-Flow) to do the simulation. Three different coal bed 
burial depths, which the depths are 300 meters, 400 meters and 500 meters, are set to simulate the different level of 
ground stress on the impact of fracture propagation. And we get some meaning results. As shown in Fig. 2, if the 
minimum ground stress σ2=6 MPa, with the different value of coefficient k, the process of the coal seam fracture be 
created, expanded and extended.  
As shown in Fig. 2, we analyzed the six groups of computation modules to get the crack initial angles and the 
initiation pressures with the different value of ground stress coefficient when the depth of coal seam is 300 meters.  
 
             
k=1.0                          k=1.05                          k=1.1    
                
k=1.4                           k=1.8                           k=2.0 
Fig. 2. Fracture appeared and propagation (p=14 MPa) 
 
Table 2. Initial fractured angles and pressures in different k (σ2=6 MPa) 
k 1.0 1.05 1.1 1.4 1.8 2.0 
Crack initial angle (°) -85, 86, -108 15.6 -3 2 5 1 
Initiation pressure (MPa) 7.9 7.75 7.7 7.5 6.5 6.1 
 
Through analysis of the minimum horizontal ground stress
 2 8 MPaσ = , 2 10 MPaσ = and synthesis of the analysis 
of the minimum horizontal ground stress 2 6 MPaσ = , we can obtain that: 1) If k =1.0 (the values of the two 
horizontal ground stresses are the same), there are three fractures appear on the wall of hole at the same time. That 
indicate the fracture do not have a certain direction during the process of crack initiation. And the fracture bifurcates 
during the process of fracture extension. Once one of the horizontal ground stresses is larger than the other one, the 
bifurcation phenomena will disappear. And the direction of crack initiation and fracture extension will be 
perpendicular to the horizontal ground stress. 2) With the same injection pressure, the fracture length Lu increases 
with increasing the horizontal ground stress coefficient k. 3) the horizontal ground stresses deviation will be 
increased with increasing the buried depth. And the coal seam appears to have shear destruction. 
As per the above analysis, we propose that grid shape of surface well drilling should be set to rhombus. And each 
of the diagonal should be parallel to 1σ  and 2σ , as shown in Fig. 3. In this picture, a express as the semi-well 
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 spacing in the direction of maximum horizontal ground stress, b express as the semi-well spacing in the direction of 
minimum horizontal ground stress.  
 
Fig. 3. The preferred well-disposing pattern of CBM 
2.1.4. Injection pressure on the impact of fracture propagation 
About the process of the single well hydraulic fracturing, in situ stress state has great effect to the fracture 
propagation. In addition, the injection pressure also has important effect to the fracture propagation. Therefore, the 
emphasis in this section is analyzing the effect of injection pressure to the fracture propagation.  
As shown in Fig. 4, it shows fracture appeared and propagation on the condition that the coal bed burial depth is 
300 meters and the k=1.05.  
As shown in Fig. 5, it is the relationship between the initiation pressure and the stress state. As shown in Fig. 6, it 
is the relationship between the injection pressure and the fracture length. The Fig. 5 indicates that the fracture 
pressure reduces gradually with increasing the coefficient k. By comparison with the theoretical value, we get that 
the gap between the fracture pressure and the coefficient k is beginning to close with increasing the coefficient k. The 
aforementioned facts all demonstrate that the coal seams in which the horizontal ground stress deviation is 
influenced by the structure stress are favorable for hydraulic fracture. As shown in Fig. 9, the fracture length is 
increasing with increasing the injection pressure. The regularity shows a linear relationship between the two 
parameters. 
          
        p=7.5 MPa                   p=8 MPa                      p=8.5 MPa 
          
         p=9 MPa                    p=9.5 MPa                    p=10 MPa 
Fig. 4. Fracture appeared and propagation (k=1.05) 
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Fig. 5. Relation of pcr and k 
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Fig. 6. Relation of p and Lu  
2.2. Multi-hole hydraulic fracture analysis 
  In most cases, the surface drilling drainage needs to set a lot of gas wells which the wells should be sited with the 
reasonable distance and distribution. So the gas can be drained fully. Therefore, based on the analysis of the single 
well, we study the law of fracture propagation on the condition of multi-well. These conclusions can provide 
reference for actual construction. 
2.2.1. Numerical model 
  Follow the analysis of the chapter above, we recommend to using rhombic well disposing when we design the 
plan of large area hydraulic fracture. As shown in Fig. 7, we build the numerical model on this principle. We act on 
the stress constraints around the model. And the value of the minimum ground stress is 8 MPa. The coefficient of 
ground stress is 1.4. The water pressure acts on the inner boundary of the hole and it will increase with 0.1 MPa step 
length. The coal and rock mass mechanic properties are the same as the single well’s properties (See Table 1).  
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Fig. 7. Numerical model of multi wells 
2.2.2. Fracture propagation analysis 
  Fig. 8 shows the characteristics about the fracture propagation. When the water injection pressure gets close to 11 
MPa, the fracture will expand rapidly. The well where in the middle of the model has the fastest speed of the fracture 
propagation and the longest length of the fracture extension. The other four wells have relatively short fracture. And 
the damage field of the fracture tip is relatively small. The direction of the lower right well’s fracture extension has 
yawing to the center well with increasing the pressure. The directions of other three wells’ fracture extension are 
also having a yawing to the center well. For the reason of hydraulic fracture, the more the length of the fracture 
created in the coal seam, the more the range of the increasing of the coal seam’s permeability will be enlarged. This 
is good for the coal bed methane desorption and transportation, and will control the methane in the coal seam to the 
minimum level. Form the result of the simulation work, we can get that the fracture of each well has a little 
interaction and the direction of fracture extension just follow the established direction. And the damage zone 
surround the fracture is very small too. So, in such a case, if we want to have the ideal drainage effect, we should set 
the gas well sparsely along the direction of maximum principal stress and set the gas well intensively along the 
direction of minimum principal stress: the well spacing should be increase along the direction of maximum principal 
stress, the well spacing should be induced along the direction of minimum principal stress. However, when the 
length of the well spacing is too long to interlace the fractures with the adjacent gas wells in the direction of 
maximum principal stress, the coal seam methane content cannot be reduced effectively. It is recommended that 
during the optimum design for the well groups, the appropriate length of well spacing in the direction of maximum 
principal stress is 250 m and 200 m in the direction of minimum principal stress.  
 
           
p=9 MPa                     p=11 MPa                     p=13 MPa   
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p=14 MP                     p=15 MPa                     p=16 MPa   
Fig. 8. Fracture appeared and propagation ( 2σ =8 MPa, k=1.4) 
 
3. Coal methane gas well seepage and gas production analyzing 
  When the coal bed after fracturing, the permeability will increase sharply. And this will have noticeable effect on 
the gas production. Therefore, analyzing the seepage in the fracture has great significance to induce the coal seam 
gas content. 
3.1. Gas seepage in the fracture analyzing 
  The coal methane could be physically absorbed on the coal rock, that accords with the Langmuire equation：
2 / (1 )W abp bp= + . When we use Langmuire equation to study the gas flow in the coal seam, we should consider 
the coal seam gas content. This way is difficult to get the result. So, based on the variation rule of the real test curve 
of coal seam gas content and considering the range of the allowable error during the construction practice, the coal 
seam gas content can be closely approximated by a parabolic. X A p= , where X is the coal seam gas content, m3/t; 
A is the coefficient of coal seam gas content, m2/ (t·MPa1/2); p is the pressure of the coal methane, MPa. 
  Just as the method of rock mechanics analysis can not explain the reason that the complexity of coal rock burst 
induce by the heterogeneity of the coal and rock medium, and also this method cannot show the process that the 
rock progressive failure lead to rock catastrophe. So this way cannot solve the gas seepage in the coal seam. 
Although the fracture mechanics and the damage mechanics provide the foundation theory to study the gas seepage 
in the coal seam, we still cannot use these theories to study the complex interaction between the coal rock and the 
gas fluid. In view of this case, On the basis of theory of coal/rock deformation and gas flow, considering the 
heterogeneity of the coal/rock and the non-linear variation characteristics of gas permeability during the coal/rock 
deformation and failure process, the mathematical model (RFPA 2D-Flow) on coupled gas flow in the failure 
process of gas-coal and rock is established. 
  The Coal bed methane seepage equation is  
2 ( ) /p i P P tα λ⋅∇ ⋅ = ∂ ∂  
  The coal/rock mass deformation equation is  
, , ,
( ) ( ) 0j ji i jj i iG u Gu f Pκ α+ ⋅ + + + ⋅ =  
  The microscopic element of coal/rock gas permeability coefficient with coupling damage equation is  
  If under axial compression condition 
1568 / Procedia Earth and Planetary Science 1 (2009) 1561–1573W. Peng et al. 
 1
1
( )
0
( )
0
       0
     0
p
p
e D
e D
β σ α
β σ α
λλ ξλ
− −
− −
 =
= 
>
; 
  If under axial tension condition 
3
3
3
( )
0
( )
0
( )
0
         0
     0 1
        1
p
p
p
e D
e D
e D
β σ α
β σ α
β σ
λ
λ ξλ
ξ λ
− −
− −
− −
 =

= < <

′ =
 
where 1 0.754p A Pα λ −= , 2P p=
 
is the square of coal seam methane pressure p, MPa2; A is the coal seam gas 
content coefficient, m2/(t·MPa1/2); G, κ is the shear modulus and the Lame constant; fi is the body force; u is the 
deformation displacement; λ0 is the initial gas permeability coefficient; p is the pore pressure; ξ, α, β is the gas 
permeability increase rate, pore pressure coefficient and the coupling coefficient, respectively; ξ′ is the gas 
permeability coefficient of the fracture units. 
3.2. Numerical analysis of the gas seepage in fracture 
  Changes in gas permeability coefficient can directly affect the flow rate which the gas through the interface. 
Under the coal seam methane pressure invariableness condition, we use RFPA2D-Flow to simulate the gas well 
production after hydraulic fracture process. 
3.2.1. Numerical model and the parameter selection 
  The first step is doing the surface vertical well drilling. And then use the hydraulic fracture to fracture the coal 
seam. After doing these steps, the gas flow in the coal seam can be seen as radial flow. When the fracture is small, 
the contour line of gas pressure parallels to the coal wall with the distribution of concentration ellipse. Therefore, as 
shown in Fig. 9, we use the plane strain model to simulate the gas flow status in the fractured coal seam. The model 
geometry of 20 m×20 m is shown in Fig. 9. And the model had been meshed into 400×400= 160000 units. The 
fracture propagation directly affects the gas permeability of the coal. So, we use the equivalent thought to simulate 
the gas well production which the gas wells get different level of fracture propagation. Based on the coal seam 
methane geological report of a gas well in Shanxi province, the average coal seam methane content in 3# coal bed is 
20.0 m3/t, the average coal seam pressure is 2.5 MPa. According to the analysis, the coal seam methane content 
coefficient A in 3# coal bed is 14. 
p
=
2.
5
M
P
a
 
Fig. 9. Numerical model of coal seam methane 
 
The boundary conditions of the numerical model are: the coal seam methane pressure in the shaft is p0=0.1 MPa, 
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 the initial gas pressure in the coal seam is p=2.5 MPa. The mechanical boundary conditions are as follows: the 
horizontal ground stress of 8 MPa; the vertical ground stress of 11.2 MPa. The simulation time is set up to 30 days. 
Table 2 is the mechanical and seepage parameters of coal. 
Table 2. Mechanical and seepage parameters of coal 
Mechanical parameters The value Seepage parameters The value 
Homogeneity 5 remainder strength factor 0.1 
Elastic Modulus (GPa) 20 pore-water pressure coefficient 0.6 
angle of friction (°) 35 Gas permeability (m2/(MPa2·d)) 0.3 
compressive strength (MPa) 20 Poisson ratio 0.35 
T-C ratio 20 gas content coefficient (m3/(m3·MPa1/2)) 14 
The level of hydraulic fracture directly affects gas well’s production. And the different gas permeability in the 
crack zone effect on the level of the fracture in the coal bed. According to the third chapter in this part analysis, we 
can get the variation range of the gas permeability in the crack zone and the coal bed [19]. We set the value of λ are 
0.1, 0.5, 5.5 and 50. 
3.2.2. Simulation result discussion 
When the λ=5.5, the gas permeability of fracture zone is equal to 55 times the permeability of coal seam. This 
phenomenon indicates that the fractures have been fully developed after the hydraulic fracture process. Because of 
the hydraulic fracture has been created, the stress of coal seam get release, and also increase the paths for the gas 
flow. In Fig. 10 are the picture of daily gas production and the cumulative gas production. 
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Fig. 10. Histogram of gas production (a) Daily gas production; (b) Cumulative gas production 
 
Under the condition of high injection water pressure, the fractures have been fully developed in the coal seam and 
all these small fractures are mutually connected to form a main crack zone. The stress of coal seam gets fully release 
surround the main crack zone. And the coal seam methane absorb in the coal seam get great desorption. The free 
methane is increasing greatly in the coal seam fracture. So the coal seam methane can flow to the well bore easily 
through the main crack zone. In this case, as shown in Fig. 10, the range of the gas pressure drawdown extends to 
7.5 m away from the well-boring. And this domain is out of the crack zone. Because of the coal seam methane 
pressure rapidly reduced in the crack zone, the coal seam methane pressure began to bring down in where the place 
is surrounding the crack zone. The fluctuation of coal seam methane pressure is obvious at distance of 6 m away 
from the well-boring. Because the gas permeability coefficient in crack zone is larger than the gas permeability 
coefficient in the coal seam, and the gas pressure in the crack zone reduced faster than the gas pressure in the coal 
seam, and also the gas flow in the coal seams may be neglected in this case. 
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Fig. 10. Gas pressure curves of coal bed 
Cumulative gas of CBM in different fracture effects is shown in Fig. 11. When the coal seam has been fractured, 
the ground stress has been released rapidly. And large amounts of coal seam methane hosted in the facture when the 
adsorption gas desorbed to free gas. Because the gas pressure is very low surround the well-boring, the free gas can 
flow to the well-boring through the main crack zone. And the adsorption gas will continue to desorbing during this 
process. The speeds of gas desorption and gas flow will get steady after 5 days. So, the gas production will also get 
steady after 5 days. 
 
Fig. 11. Cumulative gas of CBM in different fracture effects 
  The gas permeability is larger in the crack zone, the better effect will be gained by the hydraulic fracture, and the 
more gas will be produced. When the λ>5.5, the production of the gas well will rise notably. When λ=50, the content 
in the crack zone can be considered approximately as gas and fluid. But in the real cases, that status doesn’t exist. 
When the hydraulic fracture finished, some of the fractures are to be closed by the effect of the ground stress. This 
phenomenon leads to that there are a lot of solids in the fractures. All these materials stop the further close of the 
fractures and also these materials can create the resistance force between the gas flow and the fluid flow. So, λ=5.5 
is more reliable for the real status of the fractures. 
 
Table 3. Relationship of gas production and time in different fracture effects 
The level of hydraulic fracture 
Accumulative gas volume (m3) Single day gas volume (m3) 
Fitting curve Correlation coefficient Fitting curve Correlation coefficient 
λ=0.1 0.6726.91V t=  0.9992 0.503637.78V t−=  0.9524 
λ=0.5 8020.5ln( ) 2113.1V t= +  0.9833 0.423167.4V t−=  0.9714 
λ=5.5 18606ln( ) 2983.6V t= +  0.9726 0.3416122.3V t−=  0.9707 
λ=50 49806ln( ) 9634.4V t= +  0.9893 0.4314413V t−=  0.9921 
 
This simulation is restricted by the condition of the computer hardware and the software. So the simulation 
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 program just simulates one-month gas production. But we get the fundamental law of the gas production. As the 
relationship of gas production and time in different factures effects is shown in Table 3, when λ=0.1, the shaft 
accumulative gas volume varies according to exponential relationship with the time while the shaft single gas 
volume varies according to negative exponent relationship. If the first 5 days gas production is negligible, the shaft 
accumulative gas volume varies according to linear relationship. When λ>0.1, the shaft accumulative gas volume 
varies according to logarithmic relationship with the time while the shaft single gas volume varies according to 
exponent relationship. 
4. Engineering examples 
The western district of Jincheng Coal Mine was devoted to do the pre-mining drainage of the coal bed methane in 
the early 1990s. Through years of experience, research and many laboratory tests, they have already formed lots of 
experts to engage in the coal bed methane development and utilization. Up to now, Jin-mei group had putted 150 gas 
wells into operation at Pan-zhuang coalmine. Another 300 gas wells are under construction. There will be the largest 
coal bed methane groups in China. 
The coal bed burial depth of the No.Shx-131gas well is 437-442.4 m, coal seam thickness is 5.4 m. The model 
geometry of 20 m×20 m is shown in Fig. 9. We set this model as a planar strain model. Based on the result of ground 
stress test, the ground stress on the horizontal direction of the model is specified as 7.1 MPa. And the ground stress 
on the vertical direction of the model is 13.3 MPa. The simulation result is shown in Fig.4. The initial pressure is 7.0 
MPa. The injection pressure will be increased to simulate in site hydraulic fracture. And the water pressure will 
increase with 0.1 MPa step length. The elements’ permeability of the model is very low. When the elements 
fractured by the high pressure, the permeability of the elements will increase 100 times. The pore-water pressure 
coefficient will change to 1. And the elements will change to aquifer elements. The mechanical parameters of coal 
are shown in Table 1. The process of fracture initiation and fracture propagation is shown in Fig. 12. 
 
       
 p=9 MPa                   p=10.5 MPa                  p=12 MPa                  p=13.5 MPa 
Fig. 12. Fracture appeared and propagation 
 
From the above pictures we can see the fracture appeared around the hole with increasing the well-boring 
pressure. During the whole process of hydraulic fracture, the coal bed damage is accompanied by the fracture 
propagation. When the well-boring pressure reached 8.5 MPa, the units around the well-boring began to fracture, 
and the range of the fracture was enlarged. Along with the increase of well-boring pressure, the fracture extended. 
The fracture propagation does not exact follow the analysis of the theory, because the mechanical properties of the 
units in this software are not homogeneous. The values of the mechanical properties are following the Weibull 
distribution to do the random assignment. Also, considering the unit damage, the low strength units first begin to 
damage, and then begin to fracture. After that, the pressure will transfer to the units which around the fracture. 
During the process of the fracture propagation, there is a clear damage zone where symmetrically appeared on the 
side of the well-boring. Within this area, most of the units has been damaged and became to aquifer units. The units 
that around the edge of this area are became to damage units. And the permeability of this area increased sharply. So 
that achieves the aim of hydraulic fracture. And this is a way of predicting the direction of hydraulic fracture. 
5. Conclusions  
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 1) The state of rock stress has a great effect on the crack propagation. When the horizontal stress and the vertical 
stress are equal, the crack propagates randomly with a bifurcation phenomenon; however, when the horizontal stress 
and the vertical stress are different, the direction of the initiation and propagation mechanism of the crack is vertical 
to the minimum main stress. 
2) The appropriate pattern shape of borehole is diamond, and the diagonal lines should separately parallel to the 
maximum principal stress and the minimum principal stress. 
3) After fracturing, the shaft accumulative volume of gas production varies logarithmic relationship with the time 
while the shaft volume of gas production in a single day varies negative exponent relationship with time. 
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